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Computed tomography enterography: a comparison
of different neutral oral contrast agents*
Enterografia por tomografia computadorizada: uma avaliação de diferentes contrastes orais neutros
Giuseppe D’Ippolito1, Fernanda Angeli Braga2, Marcelo Cardoso Resende2, Elisa Almeida
Sathler Bretas3, Thiago Franchi Nunes3, George de Queiroz Rosas3, Dario Ariel Tiferes4
Objective: The purpose of this study was to assess the performance of neutral oral contrast agents, comparing intestinal
distention, distinction of intestinal wall, acceptance and side effects. Materials and Methods: Prospective, randomized,
and double-blinded study involving 30 patients who underwent computed tomography of abdomen and pelvis with
administration of neutral oral contrast agents, divided into three groups according the contrast agent type: milk, water,
and polyethylene glycol. The images were consensually analyzed by two observers, considering the degree of bowel
distention and intestinal wall distinction. The patients responded to a questionnaire regarding the taste of the ingested
solution and on their side effects. Kruskal-Wallis and chi-square tests were employed for statistical analysis. Results:
Among 40 studied intestinal segments, appropriate bowel distension (intestinal loop diameter > 2 cm) was observed
in 14 segments (35%) in the milk group, 10 segments (25%) in the water group and 23 segments (57%) in the
polyethylene glycol group (p = 0.01). Preparation with polyethylene glycol resulted in the best bowel distention, but it
presented the worst taste and highest incidence of diarrhea as reported by patients. Conclusion: Bowel preparation
with oral polyethylene glycol results in higher degree of bowel distention than with water or milk, but presents worst
acceptance related to its taste and frequency of diarrhea as a side effect.
Keywords: X-ray computed tomography; Small bowel; Contrast media.
Objetivo: O objetivo deste estudo foi avaliar o desempenho de contrastes orais neutros, comparando a capacidade de
distensão intestinal, a distinção da parede intestinal, a aceitação e os efeitos colaterais. Materiais e Métodos: Es-
tudo prospectivo, randomizado e duplo-cego em 30 pacientes submetidos a tomografia computadorizada de abdome
e pelve com administração de contraste oral neutro, divididos em três grupos: leite, água e polietilenoglicol. Os exa-
mes foram analisados quanto ao grau de distensão intestinal e distinção da parede intestinal por dois examinadores
em consenso. Os pacientes responderam a um questionário referente ao sabor da solução ingerida e efeitos colate-
rais. Foram utilizados os testes Kruskal-Wallis e qui-quadrado para as análises estatísticas. Resultados: Distensão
intestinal adequada (calibre da alça maior que 2 cm) foi observada em 14 segmentos dos 40 estudados (35%) no
grupo leite, em 10 segmentos (25%) no grupo água e em 23 segmentos (57%) no grupo polietilenoglicol (p = 0,01).
O preparo com polietilenoglicol resultou na melhor distensão intestinal, porém apresentou o pior sabor e maior inci-
dência de diarreia, referidos pelos pacientes. Conclusão: O preparo oral com polietilenoglicol promove maior grau de
distensão intestinal do que quando se utiliza água ou leite, mas tem pior aceitação, relacionada ao seu sabor e frequên-
cia de diarreia.
Unitermos: Tomografia computadorizada por raios X; Intestino delgado; Meios de contraste.
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ORIGINAL ARTICLE
cently, magnetic resonance imaging and
capsule endoscopy have been included as
alternative investigation methods(1).
Over the last years, technical develop-
ments have allowed improvement in CT
evaluation of the small bowel. Among
those advances, the use of multidetector
row CT (MDCT) can be highlighted, with
isotropic imaging allowing multiplanar
evaluation, introduction of neutral oral
contrast with attenuation similar to that of
INTRODUCTION
The imaging evaluation of the small
bowel has traditionally been performed by
means of bowel transit time test, entero-
clysis and computed tomography (CT). Re-
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water(2) and techniques of contrast agents
administration to increment bowel loops
distention and delay its absorption by the
intestinal mucosa, in addition to images ac-
quisition oriented towards the maximum
intestinal wall enhancement time(1). This
set of technical factors has been called
computed tomography enterography (CT
enterography)(1,2).
CT enterography differs from conven-
tional abdominal CT for the great amount
of oral contrast required and thin slicing,
with multiplanar reconstruction acquired
by means of MDCT(1–4). The main indica-
tions for this method are the following:
evaluation of obscure gastrointestinal
bleeding, diagnosis and follow-up of in-
flammatory bowel disorders, particularly
Crohn’s disease, and investigation of intes-
tinal neoplasms(1).
Neutral oral contrast agents allow a
better distinction of segments with in-
creased mural enhancement, hypervascular
masses, and other inflammatory and vascu-
lar processes(3,4). Luminal distention is es-
sential for the diagnosis of bowel disorders,
since collapsed loops may obscure intralu-
minal disorders or mimetize wall thicken-
ing and areas of increased enhancement of
bowel segments. Macari et al.(1) have con-
sidered intestinal distention as being satis-
factory when the transverse diameter  of the
small bowel is at least 2 cm. Insufficient
distention or luminal collapse may result
from the short time elapsed between con-
trast agent intake and images acquisition,
water absorption, delayed gastric emptying,
or ingestion of inappropriate amount of
contrast medium(3).
Multiple low-attenuation contrast
agents have been studied in the literature(1–
3,5–9)
, namely: water, water with methylcel-
lulose, 0.1 % barium solution with sorbi-
tol (VoLumen®), polyethylene glycol
(PEG) (2%) solution and milk (4%). Some
solutions, such as VoLumen®, are not yet
available in the Brazilian market, so it is
necessary to find alternatives. Polyethylene
glycol at the currently utilized concentra-
tions (59 g/l) produces good results in
terms of bowel distention, but it is not well
accepted by patients, because of its side
effects such as colic and diarrhea(3). Not-
withstanding the several studies comparing
different bowel preparations for CT
enterography studies, so far no study is
found in the literature comparing the three
main contrast agents (milk, water and PEG),
with PEG at a lower concentration and with
the objective of reducing its undesirable
effects, while maintaining its bowel lumen
distention capability. The present study
proposes the comparison between the so-
lutions available in the Brazilian market,
namely, water, whole milk and PEG solu-
tion at a lower concentration (52.5 g/l) with
a view to reducing side effects and, conse-
quently, improving the acceptance of the
latter by patients.
The present study is aimed at assessing
the performance of three neutral oral con-
trasts, comparing degree of bowel disten-
tion and bowel wall distinction, in addition
to assessing the acceptance and side effects
reported by patients.
MATERIALS AND METHODS
A prospective study was developed with
30 patients submitted to CT with adminis-
tration of intravenous iodinated contrast
and oral neutral contrast agents, divided
into three groups. The study was approved
by the Committee for Ethics in Research of
the authors’ institution and a term of free
and informed consent was signed by all
participating patients.
Inclusion criteria were the following:
patients above 18 years of age with spon-
taneous requests for abdomen and pelvis
CT studies with indication for utilization of
intravenous and oral contrast agents. Ex-
clusion criteria were the following: history
of gastrointestinal tract surgery, known
neoplasia of the gastrointestinal tract, intol-
erance to lactose, current intake of laxa-
tives, tricyclic antidepressants, phenobar-
bital or opiates, and presence of gas-
trointestinal symptoms such as nausea,
vomiting, diarrhea and early satiety; be-
sides pregnancy, allergy to iodinated con-
trast agents and creatinine levels above 2.0
mg/dl.
The group distribution according to the
utilized oral neutral contrast agents was the
following: group 1 – 1000 ml of whole
milk 3.2%; group 2 – 1800 ml of water;
group 3 – PEG solution in 1500 ml of wa-
ter; all administered over a time interval of
approximately 45 minutes, representing
safe alternatives according to studies in the
literature(5). The utilized PEG was Muvin-
lax® (PEG3350), commercially available in
13.125 g sachets. The utilized dilution was
six sachets for 1500 ml of water (52.5 g/l),
which is a lower concentration than that
utilized in previous studies(3,5,6). Each
group of 10 consecutive patients received
a different type of oral contrast agent.
All the abdomen and pelvis CT studies
were performed in a 64-detector row Bril-
liance model apparatus (Philips Medical
System; Best, The Netherlands). The stud-
ies were performed with the multislice and
3D volume rendering technique, from the
diaphragm to the pubic symphysis, 65 sec-
onds after intravenous contrast injection, at
a rate of 3 ml/s, with a dose of 2 ml/kg of
weight, up to a maximum of 150 ml. Tech-
nical CT parameters were the following:
collimation, 64 × 0.625 mm; 0.891 pitch,
3 mm-thick slice, with 120 kVp and vari-
able mAs, as a function of patient’s ab-
dominal thickness. Coronal and sagittal
reconstructions were obtained.
The images were consensually inter-
preted by two radiologists with four- and
ten-year experience in abdominal CT and
blind to the type of oral contrast agent uti-
lized in the study. The radiologists’ analy-
sis considered the degree of bowel disten-
tion, divided into four regions of bowel
segments, as follows: left hypochondrium,
mesogastrium, pelvis and terminal ileum.
Each region was classified according to a
scale ranging from 1 to 3, as follows: 1 –
loops with a caliper < 1 cm; 2 – loops with
calipers between 1 cm and 2 cm; 3 – loops
with calipers > 2 cm. In addition, the radi-
ologists classified the loop walls as visible
or not, also in the four regions.
As regards the degree of acceptance of
the ingested solution, the patients answered
a questionnaire on the following items: fla-
vor, on a scale ranging from 1 to 3: 1 – bad
taste; 2 – reasonable taste; 3 – good taste;
as regards nausea during ingestion, on a
scale of 1 to 3: 1 – no nausea; 2 – mild
nausea; 3 – severe nausea; and, after 24
hours, report the absence or presence of
diarrhea and amount of watery evacuations.
The differences of mean ages of the
groups were calculated by means of the
Kruskal-Wallis test. The degree of bowel
distention was evaluated according to the
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above described three-point scale, with the
calculation of the percentage for each one
of the degrees. Additionally, the calculation
of the percentages of visible loop walls was
obtained, and the assessment of the degree
of acceptance of the contrast agent ingested
by the patients followed the above de-
scribed scale. The analysis of statistical
significance was performed by utilizing the
chi-square test, considering a 5% signifi-
cance level (p < 0.05).
RESULTS
The mean age in group 1 (whole milk
3.2%) was 59 years, while in group 2 (wa-
ter) it was 60 years, and in group 3 (PEG),
53 years, with no significant difference
among the three groups (p < 0.05).
Appropriate bowel distention, with a
caliper > 2 cm, was observed in 14 of the
40 studied segments (35%) in patients who
ingested milk; in 10 segments (25%) in
patients who ingested water; and in 23 seg-
ments (57.5%), in patients who ingested
PEG. The bowel preparation with PEG re-
sulted in the best intestinal distention (p =
0.01), with no significant difference be-
tween milk and water (Figure 1). The in-
testinal wall distinction was observed in
39 of the 40 studied segments (97.5%) in
the milk group; in 33 segments (82.5%) in
the water group; and in 38 segments (95%)
in the PEG group, with no significant dif-
ference among the three groups (Figures 1
and 2).
The milk flavor was considered bad by
one patient (10%); reasonable by three pa-
tients (30%); and good by six patients
(60%). The water flavor was considered
reasonable by two patients (20%), and
good by eight patients (80%). The PEG fla-
vor was considered reasonable by eight
patients (80%), and good by two (20%)
patients. Nausea was reported by three pa-
tients (30%) who ingested milk; by two
patients (20%) who ingested water, and
also by two patients who ingested PEG,
with no indication of differences. As re-
gards diarrhea, eight patients who ingested
PEG (80%) reported its occurrence while
Figure 1. CT enterography with oral preparation utilizing milk (A), water (B)
and PEG (C). It is possible to observe appropriate intestinal distention (small
bowel distention > 2 cm) only in the study with the PEG preparation. The
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in the milk and water groups there were no
reports of such an occurrence, which
clearly demonstrates a tendency to a higher
incidence of diarrhea with PEG than with
milk or water.
DISCUSSION
CT enterography has been progressively
replacing bowel transit study and entero-
clysis in the imaging assessment of the
small bowel as it allows the visualization
of the whole bowel, without loop overlap-
ping, as well the evaluation of the intesti-
nal walls, detection of pathological extra-
luminal conditions and eventual associated
findings(4,10). Additionally, such method
allows the evaluation of segments which
cannot be reached by traditional endoscopic
methods. In general, such method provides
good results in the detection of small bowel
conditions, with good acceptance and tol-
erability by patients, besides being fast,
widely available, and with high interob-
server reproducibility and low rates of re-
lated complication(11). Thus, it is becoming
a method with increasing utilization in the
clinical and radiological practices.
As already mentioned, different neutral
enteric contrasts have been utilized in CT
enterography. In the present study, com-
parisons were made between some of the
contrast agents available in the local mar-
ket, such as water, milk and PEG, compared
with respect to the degree of bowel disten-
tion and distinction of the intestinal wall,
besides acceptance and side effects re-
ported by the patients. The present study is
the first one comparing the performance of
those three neutral oral contrast agents.
Water is not considered a good contrast
agent in enterography, since it is rapidly
absorbed along the bowel, thus providing
poor intestinal distention(1,11–13). On the
other hand, a previous study has demon-
strated that water was the oral contrast
agent preferred by patients, and the least
associated with side effects(3).
PEG is routinely utilized as a bowel-
cleansing agent, being widely available and
considered safe for utilization in humans,
besides the fact that it is not absorbed into
the circulation, thus reducing the risk for
systemic side effects(6). It has the property
of advancing through the intestinal tract
without the need for association with peri-
stalsis stimulating drugs, with a relatively
rapid transit time and no significant absorp-
tion, remaining in the small bowel lumen(5).
Previous studies have demonstrated excel-
lent distention of the small bowel loops
with the utilization of PEG as compared
with water(1–3,5,6). However, PEG has been
associated with a higher patient’s dissatis-
faction because of its flavor and side ef-
fects, such as diarrhea(3,5). Even so, it is
important to remind that such side effect is
commonly reported after small bowel stud-
ies, particularly after small bowel transit
time studies, as large amounts of liquids are
injected into the bowel over a short period
of time(6).
Agents containing fat in their composi-
tion, such as milk containing 4% (whole
milk) or 2% fat, may also be utilized as oral
contrast agent. One believes that the fat
content of milk can reduce the peristalsis
in the gastrointestinal tract, thus allowing
luminal distention and bowel walls distinc-
tion. In a previous study, it was observed
that milk 4% was superior in bowel disten-
tion and intestinal wall distinction as when
compared with water and milk 2%(8). In
Brazil, the available whole milk presents
3.2% fat content, and such was the milk
utilized in the present study.
The present study reproduced isolated
results previously published in the litera-
ture(1–3,5,6), demonstrating better bowel dis-
tention with the utilization of PEG, which
allowed a higher rate of intestinal loops
with calipers > 2 cm. Similarly, water pre-
sented a lower rate of segments with satis-
factory distention. As regards the flavor of
the ingested contrast agent, a lower accep-
tance of PEG was observed, but none of the
patients considered its taste as being bad.
As regards the incidence of diarrhea, as
expected, it was significantly more fre-
Figure 2. CT enterography coronal reconstruction with oral preparation utilizing milk (A), water (B) and PEG (C). The intestinal wall is well defined with the three
types of contrast agents, but intestinal distention is best with PEG (C).
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quent with PEG than with milk or water,
even with the utilization of PEG at a lower
concentration than that utilized by other
authors(3). As regards other side effects
such as nausea, for example, there was no
difference in its incidence among the three
groups in this study.
There were some limitations in the
present study. The first one was the rela-
tively small number of patients, which par-
tially impaired the application of some sta-
tistical tests, but nevertheless allowed a
clear identification of result tendencies.
Further studies with larger samples will be
necessary to confirm the present results.
The second limitation refers to the fact that
the amount of oral contrast agent was dif-
ferent among the three preparations, which
may somehow influence the tolerance level
of the liquid ingested by the patient. On the
other hand, the method utilized for contrast
agent administration was similar to the one
adopted by most authors in the reviewed
literature and in the clinical practice(3,5,6,8).
CONCLUSION
CT enterography is currently considered
a relevant imaging method for evaluating
small bowel disorders. Inflammatory bowel
disorders, obscure intestinal bleeding and
small bowel tumors constitute the main
indications for evaluation by CT enter-
ography. A protocol with appropriate bowel
distention is required to obtain accurate
diagnostic results. The present study has
demonstrated that the utilization of PEG as
a neutral oral contrast agent at CT enter-
ography allows greater degree of intestinal
distention, with a good level of distinction
of the intestinal walls in most cases, but at
the expense of a higher frequency of diar-
rhea and worse acceptance by patients, as
compared with milk or water.
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